Abstract: An ideal routing algorithm is one which finds the best/shortest path(s) for transmitting the data between source and destination in a short time. In this study, we have proposed two approaches; one is based on minimum spanning tree (MST) and the other one is based on distance vector method (DVM). For MST, a genetic algorithm is used. The chromosomes used are of variable length and their genes are used for encoding. The crossover and mutation operations are used for genetic diversity and improving the convergence rate. The second method is based on DVM to cover the limitations of the first approach as well the traditional DVM. The developed algorithm finds the shortest path for a static mesh connected mobile nodes. It is then tested for dynamicity by varying the positions of a few nodes. Extensive simulations are carried out on both the approaches and the results are compared with other popular algorithms.
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1 Introduction E-government applications are being developed in several countries to automate the processes involved in governance and the applications involve several quality of service (QoS) parameters to make it work efficiently with several million users. In multi-hop networks, routing is one of the important factors that decide the performance of the networks (Siva Ram Murthy and Manoj, 2004) . The problem of finding shortest path (SP) between the source and destination nodes is a well-known problem and has been the subject of extensive research. Dijkstra (Dossey et al., 1993) and Bellman-Ford (Bellman, 1957) are the two popular source-based tree algorithms to find the SP. These algorithms are useful for solving SP problems in polynomial time and they are good for both: fixed wired and wireless networks. But these algorithms become computationally complex either if the topology is dynamic or if the traffic changes are dynamic. Mobile ad hoc networks (MANETs) are examples of dynamic topology networks where the nodes are mobile.
The quality of service (QoS) is the performance level of services offered by a service provider to the user (Siva Ram Murthy and Manoj, 2004) . There are two classes of QoS: hard and soft. In soft QoS, failure of QoS is acceptable in situations like route break or partition of the network (Chen and Heinzelman, 2007; Sundar et al., 2013) . If the topology of MANETs is changing fast and frequent, then even the provisioning of soft QoS is not easy. So the topology change is assumed to be slow. The first step towards a QoS-aware routing protocol is to have the routing use QoS parameters for finding a path (Siva Ram Murthy and Manoj, 2004) . The parameters that can be considered for routing decisions are network throughput, packet delivery ratio (PDR), delay, delay jitter, bit error rate and path loss. In this paper, while providing SP between source and destination, minimum delay is considered as the soft QoS parameter.
In a group of nodes, the routing path can be established either by using MST algorithm or by DVM algorithms. The main difference is, in MST, the SP will be established by visiting all the nodes once whereas in distance vector algorithm it is not so. In recent years, to address these problems, researchers are using intelligent optimisation techniques such as, artificial neural network and genetic algorithms (GA) (Ahn et al., 2001) GA is useful for networks of any size compared to neural networks which can accommodate networks of limited size.
The GA-based routing search was reported by Munetomo et al. (1998) and Inagaki et al. (1999) and the dynamic routing problem by Ahn and Ramakrishna (2002) . Some of the researchers have used artificial intelligence techniques like Neural Networks (Ahn et al., 2001; Munetomo et al., 1998) to solve the SP problem. GAs is also tested in providing the self-organising capability of mobile nodes in unknown terrains (Sahin et al., 2010) . Lu and Zhu (2013) have proposed an energy efficient genetic algorithm to find the delay constrained multicast tree and reduce the total energy consumption of the tree. It is a source based multicast routing algorithm. The algorithm applies crossover and mutation operations directly on trees which simplify the coding operation and it omits the coding/decoding process. For routing, it is shown that GA is useful in finding alternate routes in case of failure/break in current links (Biradar and Thool, 2014) . Hence in this paper, for MST, we have used GA.
In DVM, each node maintains a table which contains the best-known distance to each destination. By exchanging the information with neighbours, these tables are updated. Bellman-Ford algorithm is an example of DVM (El-Sayed, 2016) . But the main issue with this method is that it does not prevent routing loops from happening and severely suffers from count to infinity problem. In this paper, we have proposed a novel approach which addresses these issues.
The remainder of this paper is organised as follows. Section 2 presents SP problem statements; Section 3 states GA Approach for SP problem. Section 4 is for Proposed DVM approach and Section 5 concludes the paper.
Shortest path problem statements
and a set of edges E N N ∈ × connecting nodes in N . Corresponding to each edge, there is a non-negative number ij C represents cost (distance, bandwidth, relative position and others of interest) from a source node i n to a destination node j n . A path from node i n to node j n is a sequence of edges ( ) (
n n n n n n … from E in which no node appears by more than once.
The problem is to find a path between any two nodes with minimum cost. Let 1 indicates initial node and n indicates end node of the path. Let ij x be an indicator variable which is defined as,
According to McHugh (1990) , if the cost value is denoted by an integer then, the integer programming model is formulated as follows:
where equations (3) and (4) together implies that any node other than 1 and n has either 0 or 2 non-zero incident edges. Equation (5) is for making nodes 1 and n end points of the path.
3 Genetic approach to the SP problem
Chromosome representation
In this paper, the paths are represented by chromosomes (Ahn et al., 2001 ). Each chromosome is taken as a randomly generated sequence of nodes, but then they satisfy the topology connectivity of the particular network. Always the gene of the first locus represents source node. The lengths of the chromosomes are variable. But the length should not exceed 'N', where 'N' represents a total number of nodes in the topology. This is due to the fact that the routing path never takes more than total number of nodes.
Initialisation of population
In this, there are two things involved and they are population size and procedure to initialise the population (Ahn et al., 2001) . In general, for generating better results, the population size should be large. But it requires more memory and time. According to the reports by Ahn et al. (2001) and Goldberg (1989) , the even population of smaller size also gives satisfactory results. In this paper, we have chosen eight nodes and ten strings in one gene. Secondly, regarding the generation of the initial population, as random initialisation is better in finding global optimum solutions (Ahn et al., 2001) , it has been adopted in this paper. The source and destination nodes are fixed. The other nodes are randomly generated while maintaining the physical connectivity. In this random generation, the constraint used is that no node is repeated more than once in the formed route. If there is any violation of the constraint, care has been taken to refresh and reinitialise the path again. These randomly generated different paths between a source and destination are mentioned by a cost matrix SETX (i, j), where 'i' and 'j' are called as source and destination respectively.
Fitness description
In the entire population, the quality of a chromosome is evaluated by a fitness function. Chromosomes with higher fitness values are better than other chromosomes for using for next generation (Bhanja et al., 2007) . The cost matrix SETX (i, j) is the sum of the cost of each row. For example, 'f1' represents the sum of the cost of the first row and 'f2' represents the sum of cost of the second row and so on. From this calculated sum of cost functions, let U max , U min and U average represent maximum, minimum and average values respectively.
A linear scaling over the raw fitness (f) is applied to prevent the early domination of extraordinary individuals (Goldberg, 1989) . This linear scaling is based on the following equation:
where 'a' and 'b' are constants, which are calculated by the following algorithm:
Now this linear scaling is applied over the cost matrix to find total sum according to the following equation:
where 'n' represents total population size.
Selection
The high-quality chromosomes are selected by the selection operator. The chromosomes are selected for the next generation based on their fitness and this is called as a proportionate selection. In this paper, roulette wheel selection is used as the selection operator as it always gives the chance of all of them getting selected. It is described as per the following algorithm (Goyal and Gupta, 2010 ):
a Find total fitness (from equation (9)) b For each chromosome probability of selection i P is calculated by, fitness( ) / .
c Then the cumulative probability i q of each chromosome is calculated by,
where is varying from 1 to population size. i The selection process is then based on spinning the roulette wheel by population size times.
Crossover
Crossover is the process of exchange of partial chromosomes of two selected chromosomes. In shortest path problems, the crossover process exchanges the two chosen partial routes such that the resulting offspring represents one route. In this paper, single point crossover method is used to produce off springs. A point is selected randomly and the parent chromosomes are cut at that point. The section after the point is exchanged.
Mutation
In this paper, cross mutation is used. There are two mutation points that are randomly selected within the limit of the maximum size of the chromosome. The gene at first mutation point of the first chromosome is exchanged with the gene at the second mutation point of second chromosome and similarly, the gene at the second mutation point of the first chromosome is exchanged with the gene at the first mutation point of the second chromosome.
Network model
The network model is assumed with nodes that are connected in the mesh configuration. Mesh connection is preferable to other topologies such as a star to test in the dynamic environment. Though the algorithm is not constrained to a number of nodes, for sample analysis eight nodes are chosen with mesh connection as shown in Figure 1 . As the nodes are bi-connected, the distances (cost) between the nodes are represented in the form of a symmetric matrix.
Static/fixed nodes
For the random cost value range from 1 to 5, listed in the form of a matrix as shown in Figure 2 is the sample distance cost from each node to every other node. In this, entry '0' indicates routing into the same node. The experimental study was carried out in Visual Basic 6.0 in a GUI Simulator. For the above-assumed delay matrix, the routing between a source node 2 to a destination node 6 is shown in Figure 3 . If more than one path is having the same delay cost, then it will also be generated as shown in Figure 4 . 
Dynamic/mobile nodes
In this case, the node dynamicity (mobile nodes/MANETs) is shown by varying the distance between some of the nodes in the original cost matrix. The new matrix is shown in Figure 5 and for this; the shortest paths for the same source node (2) and the destination node (6) As per Theorem 2.7 given in Guoliang et al., (1996) , the proposed algorithm finally converges to a global optimal solution. Hence the experiments mainly focus on convergence ability of the mesh connected network. From a source node 2 to destination node 6, with the assumed delay bound of 18, δ = we tested the algorithm for 50 iterations. The proposed algorithm converges quickly and satisfies the delay bound with low cost (after 8 iterations) as shown in Figure 8 . In Figure 8 , it is clear that the proposed algorithm can quickly converge (after eight iterations) to the optimal solution satisfying the delay bound and having low cost. The convergence rate is comparable with the algorithm proposed in Lu and Zhu (2013) . Due to this, the GA approach is suitable for dynamic network environments.
Observation
In the above algorithm it is observed that, while calculating the SP, it forms a loop-free path by covering all the nodes in a network. It also finds a redundant path if any of same cost and this will ensure the continuation of service even if the first path fails. In MST, the number of hops is equal to a number of nodes. For the larger sized networks, by changing the iteration time, GA will be useful for finding routes. But the main drawback is that the approach does not consider the direct path between a source and destination nodes even if they are shortest. Due to this, for a network size of larger nodes and highly dynamic environments, this method will consume more time to find SP. Hence a DVM based novel approach is proposed for larger networks and it is discussed as follows.
Proposed DVM approach

Algorithm
In this comparing to traditional DVM, to ensure loop-free path, the equation (3) is rewritten as, < 2.
The algorithm to find the SP between any two nodes is shown in Figure 9 . 
Simulation results
The algorithm is implemented using C programming language. The simulation is carried out in Code Blocks, Cross Platform IDE. The algorithm is tested with various sizes of network varying from 5 to 50 nodes with mesh connected. However, the size is not limited to only 50 nodes. The distance between the nodes can vary from the smallest assumed value of 1 to the maximum value of 499. The source node is randomly chosen and SP is calculated from the chosen source node to all the other nodes as shown in Figure 10 . The algorithm is tested with both minimum and maximum distance values and the test was repeated for 50 times. We have taken the average of these execution results. The execution time or end to end delay value for finding the SP for both the cases are calculated and plotted in Figure 11 .
In the above plot, delay refers execution time and in this number of clock cycles required for execution is divided with CPU clock (here CPU Clock is 1.6 GHz). It clear that the end to end delay is linearly increasing with the number of nodes but the execution time more or less same for any size of the network. 
Conclusion
In this paper, we have proposed two approaches to find SP for the mesh connected nodes. The nodes are connected with assumed positive distance value. The dynamicity of the connection is shown by adjusting the distances of few of the nodes. In our first approach, we used GA techniques to search an SP for static and dynamic networks. In this search process, both crossover and mutation plays important roles, as a crossover does not depend on the location of crossing site, the algorithm searches in an effective manner. Mutation helps in maintaining the diversity in population and also keeps the search path away from the local optima. As QoS is often used for performance evaluation in MANETs; here delay is used as soft QoS parameter for the evaluation. Simulation results show that GA can be effectively used in finding shortest paths for network of smaller sizes even if the nodes are dynamic/mobile. For large-scale networks, it is timeconsuming to obtain an optimal solution. Though this can be overcome by setting appropriate iteration time for the GA, due to more comparisons, the complexity will increase linearly. Hence we have also proposed another DVM based algorithm which can find the SP with minimum variation in time even if the number of nodes is more. The proposed algorithms are validated by how much time and space each takes to solve SP problems. The time complexity and the space complexity comparisons with other algorithms are shown in Tables 1 and 2 , respectively. Table 1 Time complexity comparisons 
Table 2
Space complexity comparisons From Tables 1 and 2 , it is clear that,
• For a smaller number of nodes GA proposed is better than the other popular algorithms in terms of execution time. But due to randomness in the search process, it is not suitable for large size networks.
• DVM proposed will require minimum space compared to other algorithms.
With reference to Figure 10 , at the cost of the same time and space complexities, the proposed DVM calculates the SP from the source to every other node. As both the approaches are ensuring loop free SP, the performances of both the algorithms are shown encouraging results in SP problems. These algorithms naturally suit for applications such as, in computer networks, telecommunication networks, transportation networks, water supply networks and electrical grids.
